Abstract. The paper develops a continuum theory of weak viscoelastic nematodynamics of Maxwell type. It can describe the molecular elasticity effects in mono-domain flows of liquid crystalline polymers as well as the viscoelastic effects in suspensions of uniaxially symmetric particles in polymer fluids. Along with viscoelastic and nematic kinematics, the theory employs a general form of weakly elastic thermodynamic potential and the Leslie-Ericksen-Parodi type constitutive equations for viscous nematic liquids, while ignoring inertia effects and the Frank (orientation) elasticity in liquid crystal polymers. In general case, even the simplest Maxwell model has many basic parameters. Nevertheless, recently discovered algebraic properties of nematic operations reveal a general structure of the theory and present it in a simple form. It is shown that the evolution equation for director is also viscoelastic. An example of magnetization exemplifies the action of non-symmetric stresses. When the magnetic field is absent, the theory is reduced to the symmetric, fluid mechanical case with relaxation properties for both the stress and director. Our recent analyses of elastic and viscous soft deformation modes are also extended to the viscoelastic case. The occurrence of possible soft modes minimizes both the free energy and dissipation, and also significantly decreases the number of material parameters. In symmetric linear case, the theory is explicitly presented in terms of anisotropic linear memory functionals. Several analytical results demonstrate a rich behavior predicted by the developed model for steady and unsteady flows in simple shearing and simple elongation.
Introduction
For various liquid crystalline (LC) materials, the internal rotational degree of freedom results in occurrence of internal couples and non-symmetry of stresses. Additionally, in case of LC polymers (LCP's) a partial flexibility of polymer chains, or molecular elasticity, can also be important. It means that along with nematic phenomena, typical for low molecular weight LC's, the viscoelasticity of LCP's could not be generally ignored. The viscoelastic characteristics of these systems, being anisotropic, are defined by essentially larger number of constitutive scalar parameters, as compared to their isotropic polymeric counterparts. Their experimental determination is a challenging problem.
The term nematodynamics introduced in the text by de Gennes and Prost (1974) means a specific set of problems for deformation and flow of the nematic systems under stress and external (magnetic and electrical) fields, which could be solved or analyzed using specific macroscopic field equations. The nematodynamic studies are important for processing of nematics and prediction of their postprocessing properties. After more than twenty-five years of research, the polymer nematics still have a vast industrial potential. However, the complicated behavior of these systems, currently poorly understood, prevents the progress in processing of these systems and predicting the properties of post-processed products. Two types of theories, continuum and molecular, attacked the problem of modeling LCP properties. While the continuum theories try to establish a general framework with minimum assumptions about the molecular structures of LCP's, the molecular approaches employ very specific assumptions of structure of these polymers, but unlike the continuum approaches, operate with few molecular parameters. These theories, however well separated, are not contradictory but supplemental.
Larson and Mead (1989) extended the Ericksen flow theory of LMV LC's to viscoelastic case, using ad hoc introduced linear viscoelastic operators instead of Ericksen's viscosities. Volkov and Kulichikhin (1990, 2000a,b) proposed a continuum, non-thermodynamic approach to weak anisotropic viscoelasticity of Maxwell type with internal rotations, based on symmetry arguments. Pleiner and Brand (1991, 1992 ) developed a thermodynamic theory of linear anisotropic viscoelasticity for LC polymers, involving gradients of state variables. Rey (1995a,b) also applied a thermodynamic approach for describing weak nonlinear phenomena in flow of LCP's. He obtained, however, doubtful results regarding the description of asymmetric stress.
A lot of theoretical effort was made to develop molecular theories that could model the lyotropic LC polymers. The theories by Marrucci and Greco (1993) , Larson and co-authors (1998), and Feng et al (2000) typically use and elaborate the molecular long rigid rod approach, proposed by Doi (1981) and extended in the text by Doi and Edwards (1986) . Also, B. Edwards et al (1990) applied the Poisson-Bracket continuum approach for developing constitutive equations (CE's) for LCP's [see also the text by Beris and Edwards (1999) ]. This theory is reduced to the Doi theory in the homogeneous (mono-domain) limit. All the theories mentioned in this paragraph employ the same state variables as in case of LMW liquid crystals, i.e. the director n (or the second rank order tensor), and the director's space gradient ∇n . Additionally, one should mention the Rouselike molecular theories of LCP's developed by Volkov and Kulichikhin (1994) and Long and Morse (2002) . These theories take into account the partial flexibility of macromolecular chains in LCP and [in paper by Volkov and Kulichikhin (1994) ] anisotropic macromolecular environment.
In order to theoretically describe the LCP properties, some additional specific problems have to be addressed. The first is a possible involvement of the Frank elasticity in polymer nematodynamics. In equilibrium case valid for liquid crys-
